Aberrant activation of the Wnt signaling pathway has been implicated in tumorigenesis of a wide range of tumors, including colorectal cancer. Regarding endometrial stromal tumors and related high-grade sarcomas, there have been some reports regarding nuclear accumulation of b-catenin. To clarify the function of the aberrant Wnt signaling pathway in these tumors, we searched for mutations of the CTNNB1 (b-catenin) gene and APC gene by PCR direct sequencing and analyzed the methylation status of SFRP genes. We also examined overexpression of cyclin D1 and MMP-7, which are direct target genes of b-catenin. Eight endometrial stromal nodules, 16 low-grade endometrial stromal sarcomas, and 13 undifferentiated endometrial sarcomas were examined. PCR and direct sequencing revealed no mutation of the b-catenin gene or the APC gene. Concerning the promoter methylation status of SFRP genes, methylation-specific PCR revealed no significant difference between the group with nuclear b-catenin expression and that without nuclear b-catenin expression. Immunohistochemistry revealed overexpression of cyclin D1 in 2 out of 8 endometrial stromal nodules, 1 out of 17 low-grade endometrial stromal sarcomas, and 6 out of 13 undifferentiated endometrial sarcomas, and these 6 undifferentiated endometrial sarcomas simultaneously expressed nuclear b-catenin. Interestingly, all six undifferentiated endometrial sarcoma cases with cyclin D1 overexpression histologically featured rather uniform nuclei. In contrast, the six cases of undifferentiated endometrial sarcoma with highly pleomorphic nuclei were all negative for cyclin D1. In conclusion, among endometrial stromal tumors and related sarcomas, undifferentiated endometrial sarcomas featuring uniform nuclei were characterized by frequent coincident expression of b-catenin and cyclin D1. This finding raises the possibility that cyclin D1 is upregulated by b-catenin in these high-grade sarcomas previously called high-grade endometrial stromal sarcoma.
Endometrial stromal tumors are rare mesenchymal tumors of the uterine corpus and consist of benign endometrial stromal nodule and low-grade endometrial stromal sarcoma. 1 On the basis of different cytological and biological features, high-grade endometrial sarcomas previously thought to consist of 'high-grade endometrial stromal sarcoma' and 'undifferentiated endometrial sarcoma' are now classified all together into 'undifferentiated endometrial sarcoma'. 1 We have reported previously that among the current undifferentiated endometrial sarcomas, those previously labeled as 'high-grade endometrial stromal sarcoma' with monotonous cytological features share several molecular genetic and immunohistochemical characteristics with low-grade endometrial stromal sarcoma, whereas clearly pleomorphic undifferentiated endometrial sarcomas are considerably different from low-grade endometrial stromal sarcoma. 2 Aberrant activation of the Wnt signaling pathway is known to contribute to tumorigenesis of a wide range of tumors, including colorectal cancer. 3 The Wnt signaling pathway is regulated by many components such as APC and b-catenin, and genetic or epigenetic abnormalities of these components can cause dysregulated activation of the Wnt signaling pathway. These changes result in a maintained increase in the levels and transcriptional activity of b-catenin protein in the nucleus, with immunohistochemical results showing such an abnormal nuclear accumulation of b-catenin. 4 Some kinds of mesenchymal tumors such as desmoid tumor and synovial sarcoma also frequently show nuclear accumulation of b-catenin. 5, 6 Regarding endometrial stromal sarcoma, Ng et al 4 have reported that high-level nuclear b-catenin staining is seen in 40% of endometrial stromal sarcoma. We have also reported that 47% of lowgrade endometrial stromal sarcoma and 85% of undifferentiated endometrial sarcoma featuring uniform nuclei show nuclear b-catenin expression. 2 From these findings, we speculated that the Wnt signaling pathway may be aberrantly activated in these tumors and contribute to tumorigenesis. However, genetic or epigenetic alterations responsible for nuclear b-catenin accumulation have remained obscure in endometrial stromal tumors. In addition, no reports are available regarding target genes induced by b-catenin in endometrial stromal tumors. Therefore, to clarify the contribution of the aberrant Wnt signaling pathway to the pathogenesis of endometrial stromal tumors and related highgrade sarcomas, we carried out a detailed examination of alterations in the pathway in this study.
Recent studies have shown that CCND1 (cyclin D1) and MMP-7 are important target genes induced by b-catenin. 4, [7] [8] [9] Cyclin D1 is known to stimulate the cell cycle and contribute to the process of cell proliferation, which is a characteristic of the stem cell phenotype. 3 MMP-7 degrades extracellular matrices and is important in tumor invasion and metastasis. 10, 11 We investigated the frequency of cyclin D1 and MMP-7 overexpression by immunohistochemistry and attempted to determine whether they correlate with nuclear overexpression of b-catenin. The MIB-1 labeling index was used to assess the proliferative activity of the tumors.
A gain-of-function mutation of the CTNNB1 (b-catenin) gene and a loss-of-function mutation of the APC gene have been reported to occur in many types of tumors.
3 SFRP1, SFRP2, SFRP4, and SFRP5, which are also modulators of the Wnt signaling pathway, have been shown to be inhibited in several types of tumors by promoter hypermethylation. [12] [13] [14] In low-grade endometrial stromal sarcomas and undifferentiated endometrial sarcomas, decreased expression of SFRP4 has been reported by Hrzenjak et al. 15 In relation to the Wnt signaling pathway, therefore, we analyzed gene mutations of b-catenin and APC, and the methylation status of SFRP1, SFRP2, SFRP4, and SFRP5 genes in endometrial stromal tumor.
Materials and methods

Patients and Tissue Specimens
We searched for endometrial stromal tumors and related sarcomas in the files of the Department of Anatomic Pathology, Graduate School of Medical Sciences, Kyushu University, and retrieved 8 cases of endometrial stromal nodule, 16 cases of low-grade endometrial stromal sarcoma, and 13 cases of undifferentiated endometrial sarcoma. The histological diagnosis was made on light microscopic examination of hematoxylin-eosin-stained slides according to the recent WHO classification of tumors.
1 These cases, other than the eight cases of endometrial stromal nodule, had been previously investigated in our study of immunohistochemical and molecular genetic analyses. 2 As we reported previously, 16 low-grade endometrial stromal sarcomas were mainly composed of uniform tumor cells resembling normal endometrial stromal cells with uniform nuclei showing minimal cytological atypia (Figure 1b ). Of the 13 undifferentiated endometrial sarcoma, 7 featured rather monotonous cytological uniformity reminiscent of low-grade endometrial stromal sarcoma, but they were separated from lowgrade endometrial stromal sarcoma because they showed significant nuclear atypia (Figure 1c ). When minor nuclear pleomorphism with nucleomegaly, nuclear hyperchromatism, and prominent nucleoli were present singly or in combination in a tumor, it was regarded as having significant atypia. These seven cases of undifferentiated endometrial sarcoma were considered to be identical to the tumors previously called 'high-grade endometrial stromal sarcoma' in the AFIP atlas of tumor pathology. 16 The other six cases of undifferentiated endometrial sarcoma were typical ones composed of highly pleomorphic tumor cells ( Figure 1d ). As in our previous study, we call the former undifferentiated endometrial sarcoma group 'undifferentiated endometrial sarcoma with nuclear uniformity' and the latter group 'undifferentiated endometrial sarcoma with nuclear pleomorphism'. 2 
Immunohistochemistry
Representative formalin-fixed, paraffin-embedded materials for immunohistochemical studies were available in all 37 cases. The primary monoclonal antibodies used were as follows: b-catenin (clone 14, dilution 1:200; Transduction Laboratories, Lexington, KY, USA), cyclin D1 (clone P2D11F11, dilution 1:25; Novocastra, New Castle, UK), MMP-7 (clone 141-7B2, dilution 1:150; Daiichi Fine Chemical, Takaoka, Japan), and Ki-67 (clone MIB-1, dilution 1:100; Dako, Grostrup, Denmark). Sections (3-mmthick) were deparaffinized and rehydrated through xylene and ethanol. Endogenous peroxidase activity was then blocked by methanol containing 0.3% hydrogen peroxidase for 30 min. Antigen retrieval was performed by heating tissue sections at 1001C in 0.01 mol/l sodium citrate buffer and 0.01% Tween (pH 6.0) (b-catenin and Ki-67) or in 0.01 mol/l sodium citrate buffer (pH 6.0) (cyclin D1 and MMP-7) for 20 min in a microwave oven. The sections were incubated with primary antibodies at 41C overnight, followed by staining with a streptavidin-biotin-peroxidase kit (Nichirei, Tokyo, Japan). For evaluating b-catenin, cyclin D1, and MMP-7, the percentage of stained tumor cells was assessed to the nearest 10% (eg, 10-30%). For those cases in which positive tumor cells consisted of 5% or less of total tumor cells, the percentage was recorded as 0%, less than 1%, or 1-5%. For evaluating b-catenin staining, sections were considered to show overexpression if 30% or more of the tumor cells showed nuclear staining. 4 As for cyclin D1, staining of more than 5% of the tumor nuclei was needed for a case to be scored positive. 6 The MIB-1 labeling index, which refers to a percentage of positive tumor cells, was determined by counting at least 500 tumor cells.
Mutational Analysis of b-Catenin and APC Genes
Mutation analysis of the b-catenin and APC genes was performed on the same 37 samples. Genomic DNA from formalin-fixed, paraffin-embedded tissue was extracted using the standard proteinase K digestion and phenol/chloroform extraction methods. The PCR was performed for the entire region of exon 3 of the b-catenin gene and the mutation cluster region of the APC gene exon 15 from codons 1274 to 1523. The set of primers used for b-catenin gene was the same as that previously described. 17 As for the APC gene, seven overlapping sets of primers were used. The primer sets designed by Yagi et al 18 were used, except for the sixth primer set. In place of it, we used a forward primer 5 0 -agctcaaaccaagcga gaag-3 0 and a reverse primer 5 0 -ctttccgtggcaaaatgtaa-3 0 , which generated a PCR product of 150 bp. PCR was performed in a final reaction volume of 20 ml containing 100 ng of template DNA, 1.5 mM MgCl 2 , 1 Â PCR buffer (Applied Biosystems, Foster City, CA, USA), 0.25 mM dNTP mix, 0.5 mM each of sense and antisense primer, and 1 U of Gold Taq polymerase (Applied Biosystems). Human genomic DNA (Clonetech, Palo Alto, CA, USA) was used as a positive control for each PCR. The PCR products were electrophoresed through 2.0% agarose gel with ethidium bromide to confirm the correct amplification. The correctly amplified products were then purified by centrifugal filter devices of Microcon (Millipore, Bedford, MA, USA). After purification, direct sequencing was carried out by the dideoxy chain-termination method using the BigDye Terminator and the PerkinElmer ABI Prism 310 sequence analyzer (Applied Biosystems).
Methylation-Specific PCR for the Promoter Regions of SFRP Genes
Bisulfite conversion was performed with 1 mg of genomic DNA using the reagents provided with the CpGenome DNA Modification Kit (InterGen, Burlington, MA, USA). Methylation-specific PCR was performed to determine the DNA methylation status of CpG islands of the SFRP promoter regions. The primer pairs used in this study were the same as those previously described in the literature. 19 Bisulfite-treated human genomic DNA (Clonetech) and CpGenome Universal Methylated DNA (Chemicon, Temecula, CA, USA) were used as positive controls for unmethylation and methylation, respectively.
RT-PCR Analysis for the JAZF1-JJAZ1 Fusion Gene
Total RNA extraction and reverse transcription-PCR (RT-PCR) of the 37 samples and direct sequencing for positive cases were performed as previously described. 2 All these cases, including eight cases of endometrial stromal nodule, were examined at the same time in the previous study, but endometrial stromal nodules were not reported because benign endometrial stromal nodule was outside the scope of that study. Assessment of RNA quality by realtime quantitative RT-PCR for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was also performed at the same time, as previously described. 2 
Results
Morphological Findings
Among eight cases of endometrial stromal nodules, two cases (cases 3 and 8) showed focal sex cord-like differentiation (Figure 1a) . Morphological findings regarding 16 cases of low-grade endometrial stromal sarcoma and 13 cases of undifferentiated endometrial sarcomas were reported in the previous study (Figure 1b-d) . 2 A primary pelvic tumor arising from uterine serosa associated with endometriosis (case 10) was included in the low-grade endometrial stromal sarcoma group. Table 1 summarizes the immunohistochemical results. Three (37%) out of 8 cases of endometrial stromal nodule, 8 (50%) out of 16 low-grade endometrial stromal sarcoma, 6 (85%) out of 7 undifferentiated endometrial sarcoma with nuclear uniformity, and 2 (33%) out of 6 undifferentiated endometrial sarcoma with nuclear pleomorphism were judged as showing overexpression of b-catenin. We have already reported these results concerning low-grade endometrial stromal sarcoma, undifferentiated endometrial sarcoma with nuclear uniformity, and undifferentiated endometrial sarcoma with nuclear pleomorphism in the previous study. 2 The nuclear expression of cyclin D1 was assessed as positive in two cases (25%) of endometrial stromal nodule, in one case (5%) of low-grade endometrial stromal sarcoma, in six cases (85%) of undifferentiated endometrial sarcoma with nuclear uniformity, and none of undifferentiated endometrial sarcoma with nuclear pleomorphism. All the six cases of undifferentiated endometrial sarcoma with nuclear uniformity that were positive for cyclin D1 also showed overexpression of b-catenin (Figure 2a and b) . The frequency of cyclin D1 overexpression was significantly higher in undifferentiated endometrial sarcoma with nuclear uniformity (85%) compared with that in endometrial stromal nodule (5%; P ¼ 0.031), low-grade endometrial stromal sarcoma (5%; Po0.001), and undifferentiated endometrial sarcoma with nuclear pleomorphism (0%; P ¼ 0.004) (Fisher's exact probability test). Among the 13 combined cases of undifferentiated endometrial sarcoma with nuclear uniformity and undifferentiated endometrial sarcoma with nuclear pleomorphism, the frequency of cyclin D1 overexpression was significantly higher in the b-catenin-positive tumors compared with those without overexpression of b-catenin (Po0.05, Fisher's exact probability test); however, there was no statistically significant correlation between b-catenin and cyclin D1 overexpression in each histological group (Fisher's exact probability test) ( Table 2) . Staining of MMP-7 was detected in the cytoplasms of tumor cells in three endometrial stromal nodules (38%) and three low-grade endometrial stromal sarcomas. (19%), but was not detected in undifferentiated endometrial sarcoma (Figure 2c ). Of these six positive cases, two endometrial stromal nodules (cases 6 and 8) showed only focal and weak staining of MMP-7. One endometrial stromal nodule (case 5) and three low-grade endometrial stromal sarcomas featured diffuse staining ranging from 20 to 50% of tumor cells. Among the 24 combined cases of endometrial stromal nodules and low-grade endometrial stromal sarcomas, there was no significant correlation between b-catenin overexpression and expression of MMP-7 (Fisher's exact probability test). Concerning the MIB-1 labeling index, there was no significant difference between endometrial Endometrial stromal tumors stromal nodule (mean 2.6) and low-grade endometrial stromal sarcoma (mean 1.7) (Figure 2d ). MIB-1 labeling indices of undifferentiated endometrial sarcoma with nuclear uniformity (mean 19.0) and undifferentiated endometrial sarcoma with nuclear pleomorphism (mean 21.3) were both higher than that of low-grade endometrial stromal sarcoma (Po0.05, Mann-Whitney U-test). Among the 24 combined cases of endometrial stromal nodules and low-grade endometrial stromal sarcomas, the MIB-1 labeling index of the b-catenin-positive group was significantly higher than that of the b-cateninnegative group (Po0.05, Mann-Whitney U-test).
Immunohistochemistry
Mutational Analysis of the b-Catenin and APC Genes
No mutated sequence of the b-catenin and APC genes was detected in the 37 samples. Figure 3a reveals the results of MSP for SFRP1, SFRP2, SFRP4, and SFRP5. Figure 3b shows the representative PCR products in the examined genes. Among the tumors with overexpression of b-catenin, SFRP1 promoter hypermethylation was detected in two (22%) out of nine cases. Regarding SFRP2, SFRP4, and SFRP5, the tumors were positive for promoter hypermethylation in 6 (40%) out of 15 cases, 2 (11%) out of 19 cases, and 9 (60%) out of 15 cases, respectively. In contrast, among the tumors without overexpression of b-catenin, promoter hypermethylation of SFRP1, SFRP2, SFRP4, and SFRP5 was observed in 0 out of 9 cases, 8 (47%) out of 17 cases, 1 (o1%) out of 18 cases, and 6 (38%) out of 16 cases, respectively. The frequencies of promoter hypermethylation of SFRP1, SFRP2, SFRP4, and 
Methylation-Specific PCR for the Promoter Regions of SFRP Genes
ESN, endometrial stromal nodule; ESS-LG, low-grade endometrial stromal sarcoma; NS, not significant; UES-P, undifferentiated endometrial sarcoma with nuclear pleomorphism; UES-U, undifferentiated endometrial sarcoma with nuclear uniformity.
Endometrial stromal tumors SFRP5 were not significantly different between the b-catenin-positive and b-catenin-negative groups.
RT-PCR Analysis for the JAZF1-JJAZ1 Fusion Gene
We have previously reported the manner of determining noninformative samples and the results concerning the cases of low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma. 2 Fourteen cases were judged as noninformative because real-time RT-PCR revealed that GAPDH expression was lower than the cutoff level. Among the 23 informative cases, we detected the JAZF1-JJAZ1 fusion transcript in 4 (67%) out of 6 cases of endometrial stromal nodule, 5 (45%) out of 12 cases of low-grade endometrial stromal sarcoma, 1 (33%) out of 3 cases of undifferentiated endometrial sarcoma with nuclear uniformity, and 0 out of 3 cases of undifferentiated endometrial sarcoma with nuclear pleomorphism (Table 1) . There was no statistically significant correlation between positive JAZF1-JJAZ1 fusion and nuclear overexpression of b-catenin (Fisher's exact probability test). The sequence was proved by direct sequencing, and a breakpoint identical to that described previously 20 was detected in all of these 10 cases.
Discussion
In this study, we found that coincident overexpression of b-catenin and cyclin D1 is frequent in undifferentiated endometrial sarcoma with nuclear uniformity. In contrast, coincident overexpression of b-catenin and cyclin D1 was found to be rare among endometrial stromal nodules, low-grade endometrial stromal sarcomas, and undifferentiated endometrial sarcoma with nuclear pleomorphism. We have previously speculated that the morphological difference between undifferentiated endometrial sarcoma with nuclear uniformity and undifferentiated endometrial sarcoma with nuclear pleomorphism, which are both biologically high-grade lesions, may be derived from different histogenetic mechanisms based on the different prevalence of several molecular genetic and immunohistochemical findings. 2 In this study, undifferentiated endometrial sarcoma with nuclear pleomorphism, in contrast to undifferentiated endometrial sarcoma with nuclear uniformity, did not show coincident overexpression of b-catenin and cyclin D1. This finding may support our speculation that undifferentiated endometrial sarcoma with nuclear uniformity and undifferentiated endometrial sarcoma with nuclear pleomorphism may represent two separate entities. In addition, positive immunoreactivity for cyclin D1 may be helpful in differential diagnosis between low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma with nuclear uniformity.
Cyclin D1 is frequently overexpressed in human cancers of diverse histological origin, and its gene is known as a protooncogene. 21 Several mechanisms resulting in cyclin D1 overexpression have been clarified such as chromosomal translocation in mantle cell lymphoma and gene amplification in breast cancer. 21 It has also been clarified that thyroid papillary carcinoma, 24 and desmoid tumor. 6 Our results raise the possibility that cyclin D1 may be upregulated through an activated Wnt/b-catenin pathway in undifferentiated endometrial sarcoma with nuclear uniformity. We consider that further studies to support this speculation would be of value because the Wnt signaling pathway and cyclin D1 could potentially be a future target of anticancer drugs.
3,25
Expression of MMP-7, which is another target of b-catenin, was limited in this study to only one case of endometrial stromal nodule and three of lowgrade endometrial stromal sarcoma, and there was no significant correlation between b-catenin overexpression and MMP-7 expression. MMP-7 did not seem to have a crucial function in tissue invasion and metastasis in low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma in this study. Concerning the MIB-1 labeling index, there was no significant difference between endometrial stromal nodule and low-grade endometrial stromal sarcoma in this study. This result suggests the same degree of proliferative activity in both groups. The mechanisms making the different phenotypes between endometrial stromal nodule and low-grade endometrial stromal sarcoma remain unclear.
The Wnt signaling pathway can be activated by changes occurring at any level of the pathway, and many alterations other than mutations of APC and b-catenin have been reported. 3 We could not detect any mutations of the b-catenin and APC genes among the cases showing overexpression of b-catenin. It is therefore possible that another mechanism of b-catenin accumulation may be present in these tumors. As for the b-catenin gene, Jung et al 26 have made similar observations. They have reported finding only one endometrial stromal nodule out of 15 endometrial stromal tumors (2 endometrial stromal nodule, 7 low-grade endometrial stromal sarcoma, and 6 undifferentiated endometrial sarcoma) to have a b-catenin mutation. 26 Hrzenjak et al have reported that in endometrial stromal sarcomas, the SFRP4 mRNA concentrations are decreased, being lower in undifferentiated endometrial sarcoma than in low-grade endometrial stromal sarcoma. We could not support their observation, as our results suggest that promoter hypermethylation of SFRP4 is rare in endometrial stromal tumors and undifferentiated endometrial sarcoma. Mechanisms other than promoter hypermethylation, which suppresses expression of SFRP4, may therefore be present in these tumors.
As Micci et al
27 stated in their review article, it is unknown whether interference with the Wnt system and the JAZF1 occurs in the same tumors or if these are alternative pathogenetic mechanisms. In this study, the coexistence of JAZF1-JJAZ1 fusion and nuclear overexpression of b-catenin was observed in five cases, and there was no statistically significant correlation between them. However, definitive results regarding whether there is a correlation are not yet available due to our limited number of cases. In this study, we have presented data regarding the prevalence of JAZF1-JJAZ1 among the benign endometrial stromal nodules, in addition to the previously reported data on low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma. 2 Our results showing a high prevalence of JAZF1-JJAZ1 among endometrial stromal nodules (66%) are consistent with the several reports dealing with endometrial stromal nodule cases. Regarding endometrial stromal nodule, JAZF1-JJAZ1 gene fusion was detected in all three cases reported by Koontz et al, 20 in the two cases reported by Huang et al, 31 and in all four cases reported by Nucci et al.
28
As for endometrial stromal tumors with sex cordlike differentiation, there have been two cases reported in the literature in which JAZF1-JJAZ1 fusion was detected. 29, 30 In our study, one of the two cases of endometrial stromal nodule with sex cordlike differentiation was positive for the JAZF1-JJAZ1 fusion transcript, supporting the idea that genetic heterogeneity exists among endometrial stromal tumors with variant histology. 31 On the basis of review of the literature and our study, we have hypothesized a simplified model for the histogenesis of endometrial stromal tumors and related high-grade sarcomas (Figure 4) . It is commonly accepted that endometrial stromal nodule and low-grade endometrial stromal sarcoma belong to the same category featuring endometrial stromal differentiation. We reported in the previous study that undifferentiated endometrial sarcoma with nuclear uniformity features similar immunophenotype with low-grade endometrial stromal sarcoma, such as positive staining for estrogen receptor/ progesterone receptor and b-catenin and negative staining for p53.
2 Accordingly, we speculated that undifferentiated endometrial sarcoma with nuclear uniformity may belong to the same category with low-grade endometrial stromal sarcoma. This study suggested that cyclin D1 immunoreactivity may be a characteristic immunophenotype of undifferentiated endometrial sarcoma with nuclear uniformity, which may contribute to the high-grade malignancy of the tumor. It is unclear whether undifferentiated endometrial sarcoma with nuclear uniformity is 'high-grade' endometrial stromal sarcoma arising de novo, or 'high-stage' endometrial stromal sarcoma developing from low-grade endometrial stromal sarcoma. It may be that both of these occur. In contrast, undifferentiated endometrial sarcoma with nuclear pleomorphism may be considered as a truly 'undifferentiated' sarcoma showing no evidence of endometrial stromal differentiation. In addition, our study suggested that positive cyclin D1 immunoreactivity may be another feature distinguishing undifferentiated endometrial sarcoma with nuclear uniformity from undifferentiated endometrial sarcoma with nuclear pleomorphism, the latter of which is characterized by frequent p53 abnormality.
In conclusion, this study suggested that among endometrial stromal tumors and related high-grade sarcomas, only undifferentiated endometrial sarcoma featuring uniform nuclei frequently show simultaneous overexpression of b-catenin and cyclin D1. This result raises the possibility that cyclin D1 may be upregulated by b-catenin in the high-grade sarcomas previously referred to as high-grade endometrial stromal sarcoma. The underlying mechanisms responsible for nuclear b-catenin accumulation in endometrial stromal tumors and related highgrade sarcomas remain unclear. These features concerning undifferentiated endometrial sarcoma are reported in other articles without separating undifferentiated endometrial sarcoma into two groups. 15,20 b This feature in undifferentiated endometrial sarcoma are reported without separating undifferentiated endometrial sarcoma into two groups.
